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When Donovan  (1)  discovered  Leishman-Donovan bodies  in the spleen juice 
of a living patient he sent smears to Laveran and MesnU, who named the organism 
Piroplasma dono~ani, because  they thought it was inside  the red blood cells (2). 
Stimulated  by the work of these  investigators Donovan  found the  parasite  in 
smears of blood from the finger.  2 months after the appearance of the first com- 
munication Laveran  (3)  reported  Cathoire's  case,  the first  of so called infantile 
kala-azar from the Mediterranean area.  He stated that Cathoire also found the 
organism in the blood of the greater circulation.  In the same year (1904)  Chris- 
tophers  (4)  studied  the histology of the  tissues  in kala-azar,  and  came  to  the 
conclusion that  the  disease  is  essentially a  septicemia in which  the organism is 
phagocytosed by the endothelial cells of the blood vessels alld spleen; further, that 
the parasites multiply in these cells and, when the latter rupture, are freed in the 
blood, to be taken up by other similar  cells.  Knowles (5),  on the contrary, says 
that "kala-azar is a disease  which essentially involves the internal and vital organs 
of the body.  the presence of the L. D. body in the peripheral blood of 
the patient is a purely fortuitous phenomenon." 
Rogers'  first  medium  was  merely  citrated  saline  added  to  the  spleen  juice. 
Nicolle developed the N. N. N. medium  t because he found results inconstant with 
the earlier  method.  Rogers (6)  later  observed that he  was able  to obtain only 
feeble or no growth in N. N. N. medium made with human blood.  Cornwall  and 
LaFrenais (7) made N. N. N. medium, using the blood of sheep,  man,  guinea pig, 
rabbit,  goat, and dog.  They obtained feeble growth on the goat blood medium, 
good growth on the rabbit blood, but none on the others, including that of man. 
They obtained  subcultures on N. N. N.  and nutrose media containing hydrocele 
fluid,  however. 
1  The formula of the N. N. N. medium is as follows: 
Agar  .....................................................  14 gin. 
Salt  ......................................................  6 gin. 
Water ...................................................  900 cc. 
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The usual method of finding Leishmanla  dono~ani is the examination of stained 
smears or the culture of spleen juice obtained by aspiration with a needle.  This 
latter procedure, however,  is not devoid of danger  (1, 8-11).  Blood  culture has 
been suggested  as a  substitute for spleen juice culture,  but up to the present time 
this method has proved disappointing  on account of inconstancy of results (12-15, 
5, 7).  Many have  tried  to  use  the  presence  of the parasite in  the  peripheral 
blood as a means of diagnosis (16-18, 5,  19). 
In view of the somewhat contradictory results the following experi- 
ments were set up. 
EXPERIMENTAL. 
Washed  red  cells  and  serum were  added  separately to  the  slightly modified 
N. N. N. medium which, of course,  did not contain the usual  rabbit blood.  The 
reaction was adjusted to pH 7.8 by the colorimetric method.  Washed red cells 
and serum of the species indicated were added in the same proportion as in the 
ordinary N. N. N. medium (Table I). 
TABLE  I. 
Effect  of Red  Cells and Serum from Different  Species. 
Washed red cells. 
Serum. 
Man.  Horse.  Sheep.  R~bMt. 
-  + 
-  + 
Contaminated.  -- 
~C 
The  experiment was repeated in  quadruplicate,  with  one loopful  of  culture 
for Tubes 1 and 2,  and  1 drop for Tubes 3  and 4.  In addition,  the cells  and 
serum were (a) heated at 56  ° C. for ½  hour, and (b) unheated.  The medium had 
a  hydrogen ion  concentration of pH 7.6  (Table II).  All  tubes  were  examined 
after 12 days, 
From  these  experiments  it  was  evident  that  some  specimens  of 
human  blood  at  least  are  unsuitable  for  the  growth  of  Leishmania 
flagellates  and  that  the  serum  is  less  favorable  than  the  cells.  As 
a  result  of the  experiments it seemed  desirable  to  remove both  red 
cells  and  serum  from  the  material  to  be  planted.  This  was  done 
by  differential  centrifugalizafion,  after  dilution  at  the  time  of  ob- 
taining  the  specimen.  The  procedure  adopted  was  as  follows: CHARLES  W.  YOUNG  AND  HELEN  M. VAN  SANT  23,~ 
10  cc.  of  blood  were  drawn  from  a  convenient  vein  into a  sterile  syringe, 
containing about  2  cc.  of  sterile citrated  Locke's solution  2 and  expelled into a 
flask containing from 50 to 70 cc. of the same solution.  After mixing, this was 
taken  to  the laboratory  and divided  between two 50  cc. centrifuge tubes.  It 
was centrifugalized at low speed  3 until  the red cells were lightly packed at the 
TABLE  II. 
Effect  of Red Cells and Serum from Different Species. 
A 
Red cells, heated. 
B 
Red cells, unheated. 
A 
Serum, heated. 
B 
Serum, unheated. 
Whole blood. 
Lbe 
O.  Man. 
A  few. 
+ 
A few. 
Contaminated. 
Horse. 
+ 
+ 
+ 
Contaminated. 
One  flagellate 
seen. 
+ 
+ 
Rabbit. 
+ 
+ 
-b 
+ 
+ 
+ 
++ 
+ 
+ 
+ 
+ 
+ 
+ 
+++ 
+ 
++++ 
++++ 
M 
M 
*-4-  indicates  that  non-motile bodies  were  seen  which  resembled partly  de- 
generated flagellates but could not be definitely identified as such. 
The formula for the citrated Locke's solution is as follows: 
Sodium chloride  ........................................  9.2 gm. 
Potassium chloride  .....................................  0.5 gin. 
Calcium chloride  .......................................  0.1 gm. 
Sodium citrate ........................................  10.0 gm. 
Distilled water  ........................................  1,000.0 cc. 
After autoclaving, the hydrogen ion concentration was about pH 7.4. 
3 5 minutes at 750 revolutions per minute with a 20 cm. radius. 236  LEISHMANIA DONOVANI IN PERIPHERAL BLOOD 
bottom, while the supernatant fluid was cloudy.  The cloudy fluid was decanted 
or pipetted into another sterile tube and centrifugalized at high speed. 4  Stained 
smears of this sediment showed it to be composed almost entirely of blood plate- 
lets,  with a few red cells and fewer polymorphonuclear leucocytes.  On careful 
search  extracellular  Leishman-Donovan bodies  have  occasionally  been  found. 
No intracellular  forms have  ever been  encountered.  This  sediment  from the 
platelet  fraction  was planted into a series of tubes of modified N. N. N. medium 5 
made with rabbit blood  6 with a  reaction of about pH 7.6.  The cultures  were 
incubated  at  22°C.  At least  10 days usually elapsed before the flagellates were 
discoverable. 
With  this  technique,  147  cultures  were  made  from  34  specimens 
of blood from untreated  cases of kala-azar and  161  cultures from 40 
specimens  of  blood  from  treated  cases.  In  some  instances  several 
specimens were  taken from the same patient at intervals during the 
course of the disease.  The net total was 308 cultures from 74 speci- 
mens  from 42  patients.  The  results  of  these  cultures  are  given in 
Tables III to V.  They are divided into untreated cases (Table III) 
and treated cases (Tables IV and V).  The treatment was estimated 
in milligrams  of antimony  7 per kilo of patient's weight and  the  cul- 
tures were arranged in order of ascending total dosage on this basis. 
Table  IV includes  the  treated  cases  up  to  the  point  where  the  un- 
broken  succession  of negative  cultures  begins.  Table  V  shows  the 
treated  cases  beyond  that  point.  In  the  tabulation  of  cultures  all 
4 5 minutes at 1,375 revolutions per minute with a 20 cm. radius. 
s Nicolle's formula was modified by adding 0.2 per cent dipotassium  phosphate 
(K2HPO4) as a buffer. 
6In other  experiments  not yet published  the  relation  of the  hydrogen ion 
concentration  of the N. N. N. media  to the growth of Leishmania  was studied. 
Briefly, it may be said that, contrary to previous work,  the organism was found 
to grow in media having a range from pH 5.0 to 9.8.  At the acid end the growth 
was either negative or not abundant, but at the alkaline end there was no indica- 
tion that the limit had been reached.  For routine cultures a pH of 7.4 to 7.8 was 
used. 
The antimony preparations  used for treatment were a  1 per cent solution of 
antimony potassium  tartrate  (tartar  emetic);  a  solution  of antimony  sodium 
tartrate,  usually  2  per  cent;  a  0.2  per  cent  suspension  of colloidal  antimony 
sulfide (Rogers, L., Lancet, 1919, i, 505); antimony silver arsaminol  (Hata); and 
stibenyh  As the antimony content of each of these substances  differs from that 
of the others,  all estimations  of treatment  were reduced  to the content of the 
active substance, antimony. CI-IARLES  W.  ~ZOUNG  AND  HELEN"  ~1.  VAN  SANT 
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tubes  contaminated  by bacteria  were  omitted,  as  flagellates  almost 
invariably disappear from such cultures. 
Tables VI  to VIII  are  similar  but show  the  results from cultures 
from  spleen  juice  obtained  by  aspiration  (spleen  puncture).  In 
all  these  experiments  certain  specimens  were  cultured  wholly or in 
part by the addition of the bottommost part of the red cell fraction 
after  centrifugulization  to  the  platelet  fraction.  The  purpose  of 
this  will  be  noted later.  They include  108  cultures  from  22  speci- 
mens from untreated  cases and  65  cultures from  12  specimens from 
treated  cases.  The  net  total  of  spleen  cultures  was  173  from  34 
specimens  from  28  patients. 
Table IX summarizes  the results presented in Tables III to VIII. 
A  culture  method  based  on  the  experiments  previously  noted 
having been developed, a  comparison was made between  the results 
thus  obtained  and  those  by Row's  technique.  The  only deviation 
from his procedure was that the same quantities of blood were taken 
as  with  our  own  method.  The  experiments  were  conducted  as 
follows: 
10 cc. of blood were drawn into 2 cc. of citrated Locke's solution as before. 
After dilution in 50 to 70 cc. of the same fluid  the contents of the flask were 
divided into two equal portions.  The first was treated as previously indicated 
(Series A).  The second was poured into another similar  50 cc. centrifuge tube 
and placed in the cool incubator at 22°C. over night (15 to 20 hours).  The diluted 
blood was  found to have divided by sedimentation into two layers, similar  to 
those obtained by centrifugalization.  There was a cloudy fluid above, and at the 
bottom a well  defined sediment of red cells.  The latter was held to  represent 
the  material planted by Row.  The finid  above corresponded to  the  fraction 
planted by us.  This was removed by means of a large sterile pipette and set 
aside.  After gentle agitation to cause even distribution of the cells, about 4 drops 
of the sediment were planted on another series of tubes of  medium (Series  B). 
Finally,  the  cloudy fluid  above  Row's  sediment  was  centrifugalized and  the 
sediment thus obtained was distributed among a third  series of tubes (Series C). 
Table X shows the results. 
The  fact  that  more  positive  cultures  were  obtained  from  Row's 
sediment than from the platelet fraction above it suggested a  study 
of the different portions of centrifugalized blood diluted with Locke's 
solution. CHARLES  W.  ~£OTJNG AND  HELEN  M.  VAN  SANT 
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TABLE IX. 
K ala-A zar. 
Summary  of Blood  and  Spleen  Cultures. 
Proportion of specimens positive  .......... 
Percentage "  "  "  .......... 
Proportion "  cultures  "  .......... 
Percentage "  "  "  .......... 
Untreated. 
Blood 
(see 
Table 
III). 
;1/34 
91.2 
,2/14~ 
55.8 
Spleen 
see 
able 
VI.). 
!0/22 
90.9 
~9/10s 
63.9 
Treatment  up  to 
12  rag.  per 
kilo  of  patient's 
welght. 
Blood"  Spleen 
(see  (see 
Table  Table 
IV).  VII). 
9/15  7/9 
60.0  77.0 
11/49  30/56 
42.9  I 53.6 
Treatment 
above 12 mg. per 
kilo of 
patient's weight. 
Blood  Spleen 
(see  (see 
Table  t Table 
v). ]  vIID. 
o/25  0/3 
0.0  0.0 
0/112  0/9 
0.0 [ 0.0 
Total cultures, 481 from 108 specimens from 54 patients. 
TABL]~  X. 
Comparison of th~ Centrifuge Method and Row's Sedimentation  Method. 
Specimen No. 
65' 
67' 
70' 
75' 
77' 
83' 
84' 
86' 
91' 
98' 
99' 
100' 
102' 
Cultures  positive. 
Series  A. 
Centrifugalized  plate.Jet 
fraction 
from 5 cc. of blood. 
t/s 
1/5 
2/2 
4/s 
3/6 
4/6 
1/4 
5/6 
1/4 
2/5 
2/4 
2/7 
1/3 
Series B. 
Row's sediment from 
5 cc. of blood. 
o/s 
0/4 
3/3 
3/4 
0/1 
3/4 
1/4 
1/3 
1/1 
0/4 
O/3 
2/4 
2/3 
o/s 
0/4 
3/3 
1/2 
3/4 
1/3 
O/2 
1/3 
1/2 
O/4 
0/t 
0/4 
O/3 
Series C. 
Centtifugalized platelet 
fraction above 
Row's sediment from 
5 cc. of blood. 
Total ............  30/69  16/'46  10/43 
Per cent  ..........  43.5  34.8  23.3 244  LEISHMANIA  DONOVANI  IN  PERIPttERAL  BLOOD 
In  blood  smears  the  Leishman-Donovan  body  is  usually  found 
in  polylnorphonuclear  or  in  large  mononuclear  leucocytes.  Oc- 
casionally  extracellular  forms  are  encountered.  In  microscopic 
examination  of  stained  preparations  from  the platelet  fraction  of 
blood  showing  positive  cultures,  extracellular  forms  were  found, 
though  rarely,  but  intracellular  never.  Attempts  to  discover  the 
latter  in  smears  from  the  bully  coat  of leucocytes lying above  the 
red  cells  after  centrifugalization  at  first  disclosed  none.  Later  a 
few were found.  Preparations obtained by removing a  small volume 
of  blood  from  the  bottommost part  of  the  tube,  however,  yielded 
positive results  with five consecutive specimens from three different 
patients. 
A fine capillary pipette,  with a square tip and fitted  with a small rubber bulb, 
was plunged  directly  to the bottom of the centrifuge  tube,  to avoid drawing  in 
ceils from the upper layers.  By cautious release of pressure on the bulb, a column 
of blood  1 to 2 cm. high  was removed,  and smears  were made on slides.  Care 
was taken to use all of the drop of blood before the farther end of the slide was 
reached;  otherwise many leucocytes were crowded into the thick windrow of cells 
at that place, and an examination  of these was impossible.  The ideal smear  is 
one that does not quite reach the edges of the slide and has an unbroken rounded 
end.  The smearing was done with another slide in the usual manner.  Wright's 
or Leishman's stain  was used  as for ordinary blood  preparations;  i.e.,  the un- 
diluted  stain was allowed to act for 1 minute to fix the film, an equal volume of 
distilled water was then added, and after 4 minutes  the diluted stain was floated 
off, with distilled  water,  care being tal~en that no sediment  settled  on the film. 
The slide was washed for about 30 seconds and then blotted with smooth  filter 
paper.  It was examined  by means  of an oil immersion  lens and a Bausch and 
Lomb No. 5 eyepiece.  This was  exchanged  for a  Bausch and Lomb No. 10 or 
a Leitz No. 12 ocular when a doubtful object was encountered.  By means  of a 
mechanical  stage the whole of each  slide was carefully  searched.  As the  time 
consumed  was from 1 to 5 hours per slide, not all smears  from each  case were 
searched.  While centrifugalization  is the most convenient  method of obtaining 
the sediment,  smears obtained from the bottom of tubes of diluted blood allowed 
to stand for 7 to 12 hours have given positive results.  Pointed centrifuge  tubes 
were used for the purpose,  but any similar  vessel, such as a urine glass, may be 
substituted.  This reduces the method to very simple terms. 
This  empirical  method,  then,  was  successful,  but  it  remained  to 
be demonstrated whether other portions of the  centrifugalized blood 
were  as  rich  or  richer  in  the  leucocytes known  to  phagocytose the CHARLES  W.  YOUNG  AND  HELEN  M.  VAN  SANT  245 
Leishman-Donovan  bodies;  i.e.,  the  polymorphonuclear  neutrophils 
and  large  mononuclear  leucocytes.  In order to study this  question 
the  following experiment  was carried  out. 
10 cc. of blood were drawn from a  vein and diluted, as previously described 
for blood culture, and centrifugalized slowly for 5 minutes.  The patient selected 
(Case  3719)  was  a  convalescent  from  amebic  dysentery  and  infestation  with 
several  other intestinal  parasites.  His blood count was essentially normal.  2 
days previous to the experiment it had shown: leucocytes 8,200; red cells 4,800,000; 
hemoglobin  100  per  cent.  Differential  count: polymorphonuclear  neutrophils 
67.5  per  cent; polymorphonuclear eosinophils 0.5  per cent; polymorphonuclear 
basophils 0.0 per cent; lymphocytes 37 per cent; large mononuclears 4 per cent. 
TABLE XI. 
Differential Counts of Leucocytes in the Different Strata of Centr~fugaHzed Diluted 
Blood. 
Cells. 
Polymorphonuclear  neu- 
trophils  ................ 
Polymorphonuclear 
eosinophils  ............. 
Polymorphouuclear  baso- 
phils .................. 
Lymphocytes ............. 
Large mononuclears ...... 
Platelet  frac- 
tion.  Two com- 
plete  smears. 
18 cells. 
0 
0 
1 cell. 
1  " 
Platelets .................  Very many. 
Leucocytes ...............  Almost none. 
Buffy 
coat. 
400 cells. 
~r cent 
67.0 
1.0 
0.8 
23.2 
8.0 
Few. 
Many. 
Red cell 
Iraction. 
400 cells. 
per cent 
85.0 
2.0 
0.0 
I1.5 
1.0 
Very few 
Few. 
Bottommost  Whole blood. 
blood. 
400 cells.  400 cells. 
per cent  per c~nt 
91.0  59.6 
4.0  2.3 
0.0  0.2 
3.0  27.4 
2.0  I0.5 
~nost none.  Norn~l. 
Numerous.  " 
1. After the first slow centrifugalization the supernatant cloudy fraction was 
pipetted  off to another  pointed 50 cc.  cen~ifuge  tube  and spun rapidly for 10 
minutes.  Cover-glass smears were  made  from the  sediment  obtained.  These 
were taken to represent the platelet fraction. 
2.  The first tube showed on top of the red cells a yellowish film (huffy coat). 
This  was suspended  in a  few cubic centimeters  of Locke's solution,  added by 
means of a pipette without disturbing the sediment.  Very gently agitation was 
accomplished by pressing the pipette bulb.  The cloudy fluid was removed to a 
pointed 1S cc. centrifuge tube, spun rapidly, and cover-glass smears were made 
from the sediment.  These were called the buffy coat. 
3. A capillary pipette was now introduced into the center of the red cell sedi- 
ment remaining in the first tube and a column of corpuscles about 2 cm. long was 246  LEISHMANIA  DONOVA2¢I IN  PERIPHERAL  BLOOD 
withdrawn and smears were made on cover-glasses.  They were taken to represent 
the red cell fraction. 
4.  Finally, a  capillary pipette was run to the bottom of the original tube and 
a  2 cm. column of sediment removed.  Cover-glass smears were made as before. 
These were called bottommost blood. 
5,  At the same time smears  were made from the whole blood (ear puncture) 
for a control differential count. 
TABLE  XII. 
Leishman-Donovan Bodies in the BuJy Coat and the Bottommost Blood. 
# 
'~8  ~ 
8 
~d 
4 
4 
4 
142'  bc*  1  1  0.25  0.25 
bb)  ~  8  12  2.00  3.00 
168'  bc  4  1  7  0.25  1.75 
bb  4  21  22  5.25  5.50 
Remarks. 
Before adrenalin, 0.5 cc. 
171'  bc  4  6  30  1.5  7.5 
bb  4  8  10  2.0  2.5 
1  large  mononuclear  containing 
7 Leishman-Donovan  bodies; 
large  mononuclear  containing 
16  Leishman-Donovan  bodie., 
Patient received 5 cc. of 0.2 pc 
cent Sb~S3 2 hrs.  before rccei~ 
ing adrenalin, 0.5 cc.  Specime 
taken 30 rain. after injection ( 
adrenalin. 
175'  bc  4  1  1  0.25  0.25  Before adrenalin, 0.5 cc. 
bb  4  4  4  1.00  1.00 
176  t  bc  4  2  8  0.50  2.00 
bb  4  10  18  2.50  4.50 
Fotal...  bc  20  11  47  0.55  2.35 
bb  20  51  66  2.55  3.3 
30 min. after adrenalin, 0.5  cc. 
Proportion of infected cells in buffy coat to infected cells in  bottommost blood, 
1/4.6. 
* bc, buffy coat. 
t bb, bottommost part of red cell fraction; i.e., bottom of  tube. CHARLES  W. ~ZOIFNG AND I:I-ELEN  M. VAN  SANT  247 
All the smears were stained by Leishman's method and counted by means of 
a mechanical stage.  Except for the platelet fraction, the differential count was 
based on 400 cells.  Table XI shows the results. 
The leucocytes known  to phagocytose Leishman-Donovan bodies 
were mostly in the buffy coat and at the bottom of the tube.  They 
were also in the red cell fraction, but were few compared with the 
number of red cells in the same smear or with the absolute numbers 
of leucocytes in slides from the other two portions.  The buffy coat 
TABLE  XIII. 
Leishman-Donovan Bodies in the Platelet Fraction. 
142' 
175' 
176' 
rotal... 
Platelet 
frac- 
tion. 
Platelet 
frac- 
tion 
Platelet 
frac- 
tion. 
4 
12 
~o 
0  0.0 
2  0.5 
0  0.0 
Remarks. 
Before adrenalin, 0.5 cc. 
30 rain. after adrenalin, 0.5 cc. 
No intracellular forms and very few leucocytes found. 
and  the  bottommost  fraction  therefore  seemed  the  most  hopeful 
places  to  search  for  infected  cells.  Smears  were  made  from  the 
buffy coat (bc) and from the bottommost part of the tube (bb) from 
cases which had  shown intraceilular parasites in the latter fraction. 
Four  slides  of  five  specimens  from  three  different  patients  were 
examined  from  these  two  portions.  The  results  are  shown  in 
Table XII. 
The average number of infected ceils per slide was  taken to be an 
index  oi  the  value  of the  two  parts  of  the  blood for  diagnosis  by 248  I.EISHMANIA  DONOVANI  IN  PERIPHERAL  BLOOD 
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stained  blood smears.  It is  seen from  the  table  that in the present 
series  the  bottommost  blood  slides  contained  4.6  times  as  many 
infected leucocytes as the buffy coat. 
From  three  of the  blood specimens used in preparing  the  smears 
for the  counts shown in Table XII  slides were also made  from the 
centrifugalized  platelet  fraction.  Four  smears  from  each  specimen 
were examined  for Leishman-Donovan  bodies.  The result is shown 
in Table XIII. 
Since this method of examination  of blood from kala-azar patients 
was  devised  it  has  been  used  with  twenty-three  specimens  from 
twelve different cases.  In Table XIV these are  arranged  according 
TABLE  XV. 
Summary of Blood Smears; Bottommost Blood. 
Specimens. 
Untreated cases  ................................ 
Treated with less than 12 mg. of antimony.*  ...... 
"  "  over 12 rag. of antimony  ............ 
No. of 
speci- 
lens 
exam- 
ined. 
9 
7 
7 
M. of 
lides  No. of 
xam-  slides 
ned.  positive. 
27  21 
26  15 
14  0 
Per-  Per-  centage  [  of  eentage 
sped-  of 
slides  i  men9  positive,  msitive. 
:  100.0  77.8 
71.4  57.7 
0.0  0.0 
* It  will be  noted  from Table  XlV  that  in  this  comparatively  small series no 
parasites were found in smears from patients who had  received more than 4.34 rag. 
of antimony per kilo of body weight. 
to treatment,  in ascending order of milligrams  of antimony per kilo 
of patient's weight. 
The results are summarized in Table XV, in which the specimens 
are divided on the basis of results from cultures, as shown in Tables 
III  to  IX; i.e.,  (a)  untreated,  (b)  treated  up  to  12  rag. per kilo of 
patient's  weight,  and  (c)  treated with more than  12 rag.  per kilo. 
DISCUSSION. 
The reason for inconstant  or negative results with media contain- 
ing human  blood becomes evident from a  study of Tables I  and II. 
No  growth  of Leishmania  occurred  when  a  salt  agar  medium  con- 
taining human  serum was used.  The same effect is shown in Table CHARLES  W. YOUNG  AND  HELEN  ~I. VAN  SANT  251 
X.  The only essential difference between Series A  and C is that in 
the latter the organism in the platelet fraction, i.e. extracellular forms, 
were in contact with the patient's serum diluted with citrated Locke's 
solution for  15  to  20  hours.  The number of positive cultures as a 
result of this was reduced nearly half.  From Tables I  and II it is 
seen that there was little or no growth when washed human red cells 
were substituted for rabbit blood, but the effect was not so marked 
as when human serum was used.  Horse and sheep serum and cells 
occupy a  position between the blood of man and that of the rabbit. 
Media containing either rabbit cells or serum gave positive results, 
though not to the extent of the whole defibrinated blood of the con- 
trol tubes.  Heating to 56°C. for 1½ hours had no appreciable effect. 
The  blood culture method devised was based on  these data.  It 
seemed desirable  to  use  a  larger volume of blood  for  culture than 
those  previously  employed,  provided  the  portion  containing  the 
organism  could  be  separated  from  the  serum  and red ceils.  The 
technique  already  described  proved  satisfactory.  The  results  are 
shown in Tables III, VI,  and IX.  In untreated cases of kala-azar 
it has been possible to obtain positive cultures in one or more tubes 
in 91.2 per cent of the thirty-four specimens taken.  When compared 
with the spleen juice series it is seen that the blood gave a  slightly 
better showing.  The number of tubes planted which proved posi- 
tive shows a  slight advantage for the spleen cultures--63,9  against 
55.8  per cent.  It should be noted, however, that most of these cul- 
tures were made from the platelet fraction only, which contains no 
intracellular parasites.  In a  word, by this technique blood cultures 
are as  dependable as those from spleen puncture, provided a  suffi- 
cient number of culture tubes is used. 
After the finding of intracellular forms in the bottommost portion 
of the red cell fraction this  material was added to the platelet frac- 
tion  after  the  first  centrifugaiizafion.  The  resultant  combined 
sediment  was  planted.  Two  series  of  cultures  have been begun, 
one  with  the previous  technique  and  the  other with the technique 
just  outlined.  The number of cultures studied thus far by the two 
methods is not large enough to show their relative values. 
The  inconstancy of previous  methods  seems  to  lie  in  the  small 
volume of blood  taken  and in  the inhibitory action of the human 252  LEISttMANIA  DONOVANI  IN  PERIPHERAL  BLOOD 
blood  constituents  necessarily added  to  the  culture.  Mayer  and 
Werner (12) used whole blood, while Row added only the red cell frac- 
tion obtained by sedimentation.  The latter, in attempting to avoid 
the deleterious effect of the serum by diluting it, probably killed some 
of  the  organisms  by prolonged contact during the  period  of  sedi- 
mentation.  The present experiments do not shed any light on the 
question of whether there was any reduction in intracellular forms 
in the sediment.  They do show that the extracellular forms in the 
fluid above did not grow so frequently after 15 to 20 hour sedimen- 
tation as did those from the similar material obtained by immediate 
centrifugalization after dilution. 
The  effect of  treatment with  antimony on  the  cultivability  of 
Leishmania from the blood remains  to  be  considered.  Tables  IV 
and V really form a  continuous series of treated cases.  The cases 
were divided,  as previously explained,  at  the point where positive 
cuItures ceased.  The spleen culture series was similarly dealt with, 
and  the  division  point  coincides  closely.  The  specimens  yielding 
negative  cultures  in  Table  IV  deserve  brief  notice.  Specimens 
124'  and  133'  were from a case in which the spleen puncture culture 
(Table  VII,  No.  147) and  smears were positive.  The latter, how- 
ever,  showed  only  four  Leishman-Donovan bodies  in  four  slides, 
so that the infection must have been light.  Specimen 118' has been 
noted as one in which the blood smear was positive.  Only the plate- 
let fraction was planted.  Specimen 110'  consisted of only 4  cc.  of 
blood.  The spleen culture (Table VII, No.  110) taken at the same 
time was also negative.  With Specimen 119' only two tubes remained 
uncontaminated.  Both were negative.  The report was made after 
20  days  incubation.  Occasionally  cultures  became  positive  later 
than this. 
Table V shows a series of cultures from blood specimens of patients 
who had received from 20.66 to  77.64 rag.  of antimony per kilo of 
body weight.  The blood was withdrawn from 1 to  206  days after 
the  last  dose.  None  of  the  cultures  was  positive,  although  the 
interval was over 100  days in five cases.  It is not contended that 
a  total  treatment of  12  rag.  of antimony per kilo  of the patient's 
weight is a  sharp line beyond which positive cultures cannot be ob- 
tained.  Neither is it to be maintained that such a  dose is curative CHARLES  W.  YOUNG  AND  HELEN  M.  VAN  SANT  253 
in  all  instances.  That  the  patient  has  become  sterilized  after  ap- 
proximately  this  dose is  certainly  suggested,  though  a  much  larger 
series  is  needed  to  prove  the  point.  That  antimony  is  not  im- 
mediately  bactericidal  is  shown  in  two  cultures.  Specimen  40' 
(Table IV), taken 8 hours after the patient had received 20 cc. of a 
0.2 per cent suspension of colloidal antimony sulfide, gave a  positive 
culture.  Specimen  171' was taken  2½ hours  after 5  cc.  of the same 
preparation had been received.  All four culture tubes were positive. 
Even  though  a  culture  method  be developed that  shows positive 
results in 90 per cent of untreated  cases,  the  delay of  1 to 3  weeks 
before  the  flagellates  appear  makes  a  more  rapid  method  of  diag- 
nosis  desirable.  Blood  smears  have  been  positive  in  the  hands  of 
many  workers,  but  the  number  of  slides  examined  and  the  time 
required,  if  the  examination  is  carefully  done,  makes  this  method 
impracticable.  The  finding  of  intracelhilar  forms  in  the  bottom- 
most part of the red cell fraction appears to offer a  better chance of 
detecting  the  Leishman-Donovan  body  than  does  a  smear  made 
directly from a  drop  of peripheral  blood.  The  technique  suggested 
concentrates  the  leucocytes containing  the  parasites,  so  that  most 
of them from 5  cc.  of blood are collected onto a  few slides)  From 
the smears thus far examined from untreated cases it is evident that 
the number of organisms present varies between wide limits.  Blood 
Specimen  138' was taken  from a  child with cancrum  oris  who died 
within  a  few hours.  In  some  smears  from  the  bottom  of  the  red 
cell  fraction  polymorphonuclears  containing  Leishman-Donovan 
bodies were found in almost every field.  In  one  such preparation, 
three  adjacent  cells contained  one,  two, and  three parasites  respec- 
tively.  On  the  other  hand,  in  Specimen  166'  three  slides were ex- 
amine&  The  first  showed  one  Leishman-Donovan  body  in  one 
polymorphonuclear,  but  the  next  two  smears  were  negative.  No. 
118'  is  worthy  of  note,  because  while  a  mononuclear  containing 
parasites was found in each of two slides out of three examined,  the 
s It may be noted by way of parenthesis that the presence d  Leishman-Dono- 
van bodies in the endothelial cells in situ on the vessel walls (Christophers  (4)) 
and in similar cells in the blood stream offers evidence of the endothelial origin o[ 
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culture  was  negative.  As  only  the  platelet  fraction  was  planted, 
the negative culture probably means that there were no extracellular 
organisms in the material planted.  Nos. 137 r and 151' are of interest 
for two reasons.  The patient, a  child, was admitted for dysentery, 
which  was  proved  to  be  due  to  the  Shiga  bacillus.  During  the 
physical examination the spleen was found to be just palpable.  The 
globulin  precipitation  test  was  faintly  positive.  Stained  smears 
made from the bottom of the red cell fraction at the time of culture 
showed Leishman-Donovan bodies in polymorphonuclear leucocytes 
after about  15 minutes search.  The positive diagnosis of kala-azar 
resulted in immediate intravenous treatment.  This gave the patient 
a better chance of recovery from the secondary infection of dysentery 
as well as from the primary disease.  Secondly, both blood cultures 
from this patient were contaminated, so that had culture alone been 
depended upon  for diagnosis  no  information would  have  been  ob- 
tained.  The blood smears from blood specimens taken on 4 different 
days were all positive. 
From our experience thus far, blood smears appear to be a valuable 
means of diagnosis.  When the organisms are present in  the blood 
in moderate or large numbers a  rapid  diagnosis may be made.  If 
they are  few,  the  time  consumed in  searching is  too  great.  It  is 
then  better  to  rely on  the  globulin  precipitation  test  (20,  21)  for 
presumptive evidence, and if the result be positive,  to  begin  treat- 
ment while awaiting the result of the blood culture.  In the Peking 
Union  Medical  College  Hospital  the  following is  the  present  pro- 
cedure.  Two  series  of  cultures  are  made from  each  10  cc.  blood 
specimen.  The first is from the platelet fraction only.  The second 
is from this together with the bottommost part of the red cell frac- 
tion.  This leaves the red cell fraction from one tube intact.  Smears 
are made on slides from the bottom  of this  tube,  stained,  and ex- 
amined.  In  this  way one  10  cc.  specimen of  blood is  utilized  for 
making one series of blood smears and two series of blood cultures. 
The combined results offer the maximum of information.  In addi- 
tion, if desired, a  globulin precipitation test may be made from the 
citrated blood remaining in the syringe after expulsion of the speci- 
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SUMMARY. 
1.  The effect of human red cells and serum on the growth of Leish- 
mania  donovani has  been studied and a  blood  culture method de- 
vised, based on these findings. 
2.  The distribution of blood platelets and of the different varieties 
of leucocytes in the strata of centrifugalized diluted blood has been 
investigated, and also the distribution of Leishman-Donovan bodies, 
extracellular and  intracellular, in  these  strata. 
3.  The effect of treatment with antimony on the cultivability of 
Leishmania  donovani has been studied. 
CONCLUSIONS. 
1.  N. N. N. media in which human red  cells  replace  the  rabbit 
blood show only a  feeble growth of Leishmania  donovanl. 
2.  No growth occurs on salt agar to which human serum, whether 
inactivated or not, has been added. 
3.  If an adequate mount of blood is taken (10 cc.)  and most of 
the serum and red cells removed by centrifugalization, positive cul- 
tures may be obtained in about 90  per cent of untreated cases of 
kala-azar. 
4.  By this technique positive cultures may be obtained from the 
peripheral blood in at least as many cases as from spleen punctures. 
5.  Extracellular  Leishman-Donovan  bodies  are  found  in  the 
platelet fraction of centrifugalized diluted blood. 
6.  Mononuclear  and  polymorphonuclear  leucocytes,  with  the 
contained  intracellular  forms,  are  usually  heavier  than  the  other 
blood cells and go to the bottom of the tube on centrifugalization or 
sedimentation.  Leishman-Donovan bodies  may be  recovered from 
this fraction. 
7.  In  the  series of  cultures made,  the  blood  of patients  treated 
intravenously  with  antimony  salts  became  free  from  cultivable 
Leishmania donovani after they had received about  12  mg. of anti- 
mony per kilo of body weight. 
8.  Cultures from spleen punctures show similar results. 256  LEIStIMANIA  DONOVANI IN  PERIPHERAL  BLOOD 
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